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ABSTRACT 


This report contains test results from testing of Minuteman III, 
Stage III propellant manufactured by Aerojet Solid Propulsion Company and 
Thiokol Corporation, Wasatch Division. These results are compared 
statistically with propellant of similar ages from Minuteman II Stage II. 

Regressions are given for only statistically significant parameters 
from very low rate tensile, high rate biaxial tensile under pressure, 
stress relaxation and thermal coefficient of linear expansion tests. 
There are some significant regressions in each of these tests. 

Case liner bonds also show significant changes which are potentially 
life limiting. 

Significant changes in other parameters may be the result of limited 
testing, both in numbers and ages. 

Analysis of covariance for test data from lined and unlined cartons of 


Stage II and Stage III propellant and for the four tests listed above 


are given in the statistical appendix. 


Section 


TABLE OF CONTENTS 


Abstract 

List of Tables 

List of Figures 

List of References 

Glossary of Abbreviations & Terms 
Introduction 

Test Program 

Statistical Summary & Conclusions 
Very Low Rate Tensile 

High Rate Triaxial Tensile 


Stress Relaxation 


Thermal Coefficient of Linear Expansion 


Case Liner Bonds 


Appendix - Analysis of Covariance 


Lid 


Table Nr 


1~1 


2-1 


Appendix 


A-A 


LIST OF TABLES 


Alert Limits for Possible Failure Modes 


Plot Symbol Legend 


Regression Analysis Summary of Significance 


Summary of Regression Analysis, Stress 


Stress vs Time to Failure 


Analysis of Covariance Tables 


Very Low Rate Tensile 


Summary of Significance 


ANT 


ANT 


ANT 


ANB 


ANB 


ANB 


ANA 


ANA 


Lined vs Unlined Cartons Max Stress 


Lined vs Unlined Cartons Strain at Rupture 


Lined vs Unlined Cartons, Modulus 


vs 


vs 


vs 


vs 


vs 


vs 


vs 


vs 


vs 


ANB 


Lined Cartons, Max Stress 

Lined Cartons, Strain at Rupture 

Lined Cartons, Modulus 

Unlined Cartons, Max Stress 

Unlined Cartons, Strain at Rupture 
Unlined Cartons, Modulus 

& ANT Unlined Cartons, Max Stress 

& ANT Unlined Cartons, Strain at Rupture 


& ANT Unlined Cartons, Modulus 


Lined Cartons, Lot-to-Lot, Max Stress 


Lined Cartons, Lot-to-Lot, Strain at Rupture 


Lined Cartons, Lot-to-Lot, Modulus 


Lined Cartons, Lot-to-Lot, Max Stress 


LIST OF TABLES (cont) 


Table Nr. 
A-17 ANT Lined Cartons, Lot-to-Lot, Strain at Rupture 
A-18 ANT Lined Cartons, Lot-to-Lot, Modulus 
A-19 ANA Unlined Cartons, Lot-to-Lot, Max Stress 
A-20 ANA Unlined Cartons, Lot-to-Lot, Strain at Rupture 
A-21 ANA Unlined Cartons, Lot-to-Lot, Modulus 
A-22 ANB Unlined Cartons, Lot-to-Lot, Max Stress 
A-23 ANB Unlined Cartons, Lot-to-Lot, Strain at Rupture 
A-24 ANB Unlined Cartons, Lot-to-Lot, Modulus 
A-25 ANT Unlined Cartons, Lot-to-Lot, Max Stress 
A-26 ANT Unlined Cartons, Lot-to-Lot, Strain at Rupture 
A-27 ANT Unlined Cartons, Lot-to-Lot, Modulus 
High Rate Triaxial Tensile 
A-28 ANT Lined vs Unlined Cartons, Max Stress 
A-29 ANT Lined vs Unlined Cartons, Strain at Rupture 
A-30 ANT Lined vs Unlined Cartons, Modulus 
- A-31 ANB vs ANT Lined Cartons, Max Stress 
A-32 ANB vs ANT Lined Cartons, Strain ac Rupture 
A-33 ANB vs ANT Lined Cartons, Modulus 
A-34 ANA vs ANB Unlined Cartons, Max Stress 
A-35 ANA vs ANB Unlined Cartons, Strain at Rupture 
A-36 ANA vs ANB Unlined Cartons, Modulus 
A-37 ANA vs ANB & ANT Unlined Cartons, Max Stress 
A-38 ANA vs ANB & ANT Unlined Cartons, Strain at Rupture 
A-39 ANA vs ANB & ANT Unlined Cartons, Modulus 
A-40 ANB Lined Cartons, Lot-to-Lot, Max Stress 
A-41 ANB Lined Cartons, Lot-to-Lot, Strain at Rupture 


quan eT es 


Table Nr. 


A-42 
A-43 
A-44 
A-45 
A-46 
A-47 
A-48 
A-49 
A-50 
A-51 
A-52 
A-53 


A-54 


A-55 
A-56 
A-57 
A-58 
A-59 
A-60 
A-61 


A-62 


ANT 


LIST OF TABLES (cont) 


Lined Cartons, Lot-to-Lot, Modulus 


Lined Cartons, Lot-to-Lot, Max Stress 


Lined Cartons, Lot-to-Lot, Strain At Rupture 


Lined Cartons, Lot-to-Lot, Modulus 


Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 
Unlined Cartons, 


Unlined Cartons, 


Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 
Lot-to-Lot, 


Lot-to-Lot, 


Max Stress 

Strain at Rupture 
Modulus 

Max Stress 

Strain at Rupture 
Modulus 

Max Stress 

Strain at Rupture 


Modulus 


Stress Relaxation Modulus, 1% Strain 


ANT 


ANT 


ANA 


ANA 


Lined vs Unlined Cartons - 10 sec 


Lined vs Unlined Cartons - 100 sec 


vs ANT Lined Cartons - 


10 sec 


vs ANT Lined Cartons - 1000 sec 


vs ANB Unlined Cartons - 10 sec 


vs ANB Unlined Cartons - 1000 sec 


vs ANB & ANT Unlined Cartons - 10 sec 


vs ANB & ANT Unlined Cartons - 1000 sec 


vi 


. 


Table Nr. 


A-63 


A-64 


A-65 


A-66 


LIST OF TABLES (cont) 


ANT Lined Cartons, Lot-to-Lot, 10 sec 

ANT Lined Cartons, Lot-to-Lot, 1000 sec 

ANA Unlined Cartons, Lot-to-Lot, 10 sec 

ANA Unlined Cartons, Lot-to-Lot, 1000 sec 
ANT Unlined Cartons, Lot-to-Lot, 10 sec 

ANT Unlined Cartons, Lot-to-Lot, 1000 sec 
TCLE 

ANT Lined vs Unlined Cartons, Above Tg 

ANT Lined vs Unlined Cartons, Tg 

ANA Unlined vs ANB Unlined Cartons, Above Tg 
ANA Unlined vs ANB Unlined Cartons, Tg 

ANA vs ANB vs ANT Unlined Cartons, Above Tg 


ANA vs ANB vs ANT Unlined Cartons, Tg 


vii 


Figure Nr. 


4-5 


4-6 


4-10 


4-11 


4-12 


4-13 


4-14 


4-15 


4-16 


4-17 


4-18 


4-19 


LIST 


OF FIGURES 


Data Plots, Very Low Rate Tensile 


Strain at Rupture 


ANB 


ANB 


ANT 


All 


vs ANT Lined Cartons 


Lined Cartons 


Lined Cartons 


Unlined Cartons 


Unlined Cartons 


ANB Cartons 


Stress 


Uniined Cartons 


Unlined Cartons 


Unlined Cartons 


Lined Cartons 


Lined Cartons 


ANB Cartons 


vs ANB Unlined Cartons 


vs ANT Lined Cartons 


Lined vs Unlined Cartons 


Lined Cartons 


Unlined Cartons 


Lined Cartons 


ANB Cartons 


viii 


Figure Nr. 


3-3 


5-6 


5<7 


LIST OF FIGURES (cont) 


Data Plots, High Rate 


Strain at Rupture 


ANT 


ANB 


Maximum 


ANT 


ANT 


Modulus 


ANA 


ANB 


Data Plots, 


Modulus, 1% Strain, 


ANA 


ANA 


ANB 


Lined Cartons 
ined Cartons 
Stress 

Lined Cartons 
Unlined Cartons 


Unlined Cartons 


Unlined Cartons 


Unlined Cartons 


Unlined Cartons 
Unlined Cartons 
Unlined Cartons 


Unlined Cartons 


VILE 


Triaxial Tensile 


Stress Relaxation 


10 sec 


1000 sec 


10 sec 


1000 sec 


vs ANB Unlined Cartons - 10 sec 


vs ANB Unlined Cartons - 1000 sec 


Lined Cartons - 10 sec 


Lined Cartons - 1000 sec 


ANB Cartons - 10 sec 


ANB Cartons - 1000 sec 


Stress Relaxation Master Plot 


Stress Relaxation Master Plot 


ix 


5) 


6-15 


Figure Nr. 
6-13 


6-14 


6-15 


8-1 


8-2 


8-4 


LIST OF FIGURES (cont) 


ANA Stress Relaxation Master Plot 

Modulus vs Distance from Bond Line 
10 sec 

Modulus vs Distance from Bond Line 


1000 sec 


Data Plots, TCLE 


Data 


ANA Unlined Cartons, Above Tg 
ANB Unlined Cartons, Tg 

ANT Unlined Cartons, Above Tg 
ANT Unlined Cartons, Tg 

ANB Lined Cartons, Above Tg 
ANT Lined Cartons, Tg 

ANT Lined Cartons, Below Tg 
All ANB Tg Temperature 

All ANB, Below Tg 

Plots Case Liner Bonds 


ANB Constant Load Tensile Log Time to 
Failure vs Log Stress at Rupture 


ANB, Constant Load Shear Log Time to 
Failure vs Log Stress at Rupture 


ANT Constant Load Tensile Log Time to 
Failure vs Log Stress at Rupture 


ANT Constant Load Shear Log Time to 
Failure vs Log Stress at Rupture 


Pape 


—— 


6-27 


6-28 


eer 


REFERENCES 
Report Nr Title ate 
MAGCP 75 (67) Zero Time Test Results 13 Jan 67 


LGM-30 Second Stage 
Wing VI Propellant 


MAGCP 1il (67) ATP Test Resuits LGM-30 Stage II Propeilant 1 Dec 67 
Wing VI, Phase I 


MAGCP 142 (68) ATP Test Results LGM-3%, Stage II Nov 0&8 
Propellant, Wing VI, Phase 1 Series IT 


MAGCP 188 (70) ATP Test Results LGM-30, Stage II Jul 76 
Propellant, Wing VI, Phase I Series II 


MAGCP 212 (71) Propellant Surveillance Report Jun 71 
LGM-30 Stage II (Wing 6 ANB-3066) 


MAGCP 240 (72) Propellant Surveillance Report May 72 
LGM-30F Stage II ANB-3066 


MAGCP 256 (72) Propellant Surveillance Report det 72 
Minuteman Lil, Stage III 


MANCP 331 (75) Propellant Surveillance Report Oct 75 
Minuteman III, Stage IIL 


Aerojet Ten Year Aging Program Se 
0162-AS-6-1A for Wing VI Minuteman 


Second Stage Motors and Components 


Aerojet 9 TL 
0162-06-SAAS~7 


0162-06-SAAS-8 


0162-06-SAAS-9 Ten Year Aging and Storage Program E vA 
Wing VI Minuteman Second Stage 
0162-06-SAAS-10 Motors and Components Apr 72 


Program Progress 
0162-06-SAAS-11 


0162-06-SAAS-12 Apr 73 
0162-06-SAAS-13 et 74 
0162-06-SAAS-14 Sul 75 
0162-06-SAAS-15 Dec 75 
0162-06-SAAS-16 Jul 76 
0162-06-SAAS~17 Mar 77 


xi 


ND 


a oe PINE 


Report Nr 


Aerojet 
0162-06-AS-F 
Appendix E 


REFERENCES (cont) 


Title 


Final Report, Wing VI Minuteman Second 
Stage 
Motor Propellant Aging 


xii 


Date 


Jan 74 


Aging Trend 


ANA 


ANT 


DB 
Degradation 


E 


er 


pl ratio 


JANNAF 
MAGCP 


OOALC 


Post Curing 


GLOSSARY OF ABBREVIATIONS AND TERMS 
A change in properties of performance resulting 
from aging of material or component 
Aerojet Propellant, Stage III (ANB 3066 Formulation) 
Thiokol Propellant, Stage III (ANB 3066 Formulation) 
Aerojet Propellant, Stage II (ANB 3066 Formulation) 
Aerojet Solid Propulsion Company 
Cross Sectional Area 
Dogbone 
Gradual deterioration of properties or performance 
Modulus (psi), defined as the slope of the line 
drawn tangent to the initial linear portion of 

the curve 
End Bonded 
Effective Gage Length 
Strain at Maximum Stress (in/in) 
Strain at Rupture (in/in) 
The ratio of the variance accounted for by the 
regression function to the random unexplained 
variance. The regression function having the 
most significant "F" ratio is used for plotting 
data. The ratio is also used in detecting 
significant changes in random variation between 
succeeding time points. 
Joint Army, Navy, NASA, Air Force Committee 
Propellant Laboratory at OOAMA 

Ogden Air Logistics Command 


Period up to 12-16 months after manufacture 


xiii 


SN. 


Regression 


Regression 
Line 


r 


Standard 


Deviation (Sy) 


Strain Rate 
TCC 


io 


t test 


Variance 


3 Sigma Band 


90-90 Band 


GLOSSARY OF ABBREVIATIONS AND TERMS (CONT.) 


The general form of the regression equation is 
Y=a+ bx 


Line representing mean test values with respect 
to time 


Standard error of estimate of the regression 
coefficient 


Standard deviation of the data about the regression 


line 
Maximum Stress (psi) 
Stress at Rupture (psi) 


Square root of variance 


Crosshead speed divided by the EGL 
Thiokol Chemical Corp. 


A statistical test used to detect significant 
differences between a measured parameter and an 
expected value of the parameter (determines if 
regression slope differs from zero at the 95% 
confidence level) 


The sum of squares of deviations of the test 
results from the mean of the series after 
division by one less than the total number of 
test results 


The area between the upper and lower 3 sigma 
limit. It can be expected that 99.73% of the 
inventory represented by the test samples would 


fall within this range assuming that the population 


is normally distributed. 


It can be stated with 90% confidence that 90% of 
the inventory represented by the test samples 
would fall within this range assuming that the 
population is normally distributed 


xiv 


Se TE 


SECTION I 
INTRODUCTION 


A. PURPOSE: 

The purpose of testing ANB-3066 propellant, used in Minuteman II 
Stage II and Minuteman III Stage II and Stage III, is to monitor and 
evaluate aging effects on this propellant which will contribute to the 
operational motor serviceability prediction. Testing was performed 
according to Generai Test Directive GTD-2C, Amendment 1, and MMWR 


Project M83257C. 


B. BACKGROUND: 

Service life testing of ANB-3066 carton propellant from Aerojet 
production began at Ogden ALC in 1966. When production for Minuteman ili 
Stage II was transferred to Thiokol, the propellant samples from both 
Aerojet and Thiokol were tested. As lined cartons were produced these 
also were tested, adding propellant liner bond specimens to the program. 
The current report contains data from all these sources for propellant 
aged 13 to 72 months. 

Failure criteria for ANB 3066 propellant which were developed from 
structural stress analysis are reiterated in Aerojet Report 0162-06SAAS~17. 


Inner bore hoop strain failure is the predicted failure mode. These 


criteria are shown in Table 1-1. 


— 
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SECTION II 


TEST PROGRAM 


Cartons representing raw material combinations were subjected to a 
random selection process designed to test all material lots within a two 
year-four test periods interval. When propellant cartons have been agec 
one year, they are added to the test program. 

Propellant cartons are identified by source of manufacture. Stage ii 
and III propeliant manufactured by Aerojet Solid Propulsion Company is 
identified as ANB and ANA respectively. Thiokol Company Stage ill 
propellant is identified as ANT. All regressions used this nomenclature 
and the additional information as to the type of carton, lined or unlined. 
Symbols identifying the carton types are given in Table 2-1. 

Stage II ANB-3066 propellant has been tested for more than 10 years, 
but in this report only propellant up to 72 months has been used in 
covariance analysis to coincide with the age span of Stage Iil propelianc. 
Lined and uniined cartons of ANB have been combined in regression analysis 
for comparison purposes ana cover the time span from 13 through 137 months. 

The physical-mechanicai tests which relate directly to stress 
analysis are limited. Very low rate tensile test is related to storage 
conditions, and high rate rails tested under pressure relate to ignition. 
Stress relaxation modulus also relates to storage conditions. Thermal 
coefficient of linear expansion reflects some of the thermal stresses 
to which the motor is exposed. 

Low rate uniaxial tensile tests and hardness are routine tests for 


all propellant. The data from these tests do not relate to structural 


Z=1 


f 
iy 


analyses. Poisson's ratio and cohesive tear energy tests have been 
applied to only a portion of the cartons. The data from these tests 

have not been subjected to statistical analyses. Test data for all these 
tests appear similar to previous test data. All these data will appear 


in subsequent reports. 


TABLE 2 - 1 
PLOT SYMBOL LEGEND 


ol Carton Type 
ANA Unlined 


ANB Lined 


ANB Unlined 
Lined 
ANT Unlined 


S 

O 

4 

x 

© ANT 
a 
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SECTION Iii 
STATISTICAL SUMMARY AND CONCLUSIONS 


Data analyses of ail propellant tested by MANCP naving the ANB 
3066 formulation are contained in this report. ANB 3066 propellant 
is divided into three groups, each group pertaining to a specific rocket 
motor application. The three propellant groups are designated in this 


report by a three letter code as follows: 


Code Manufacturer and System Application 
ANA Aerojet: MINUTEMAN III, Stage III 
ANB Aerojet: MINUTEMAN II, Stage II 
ANT Thiokol: MINUTEMAN III, Stage IIi 


Propellant specimens for the ANA group were taken from unlined 
cartons. Specimens for the ANB and ANT groups were taken from unlined 
cartons and also from cartons having a simulated case liner along one 
surface of the carton. Each propellant group is further sub-divided 
into propellant lots. 

Laboratory test data were studied to determine if lined cartons 
differ from unlined cartons. The data were also examined to determine 
if the propellant groups (ANA, ANB and ANT) differ among themselves. 
The following comparisons, as directed by the project engineer, were 
performed to satisfy periodic service life estimate requirements: 

1. Compare lined and unlined cartons of MINUTEMAN III Stage IIi 

propellant manufactured by Thiokol (ANT propellant group). 

2. Compare Aerojet Stage II lined cartons (ANB propellant group) 

with Thiokol Stage III lined cartons (ANT propellant group). 

3. Perform joint comparisons for unlined cartons from ANA, ANB 


and ANT propellant groups. 
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4. Perform lot-to-lot comparisons for unlined cartons from ANA, 

ANB and ANT propellant groups. 

5. Perform lot-to-lot comparisons for lined cartons from ANB and 

ANT propellant groups. (Lined cartons are not available for ANA 

propellant). 

Propellant age is considered a possible source of bias in laborator, 
test data. That is, part of the observed differences in a given test 
response might be ascribed to propellant age. Because of the possible age 
effect it was necessary to provide a means of analysis where the bias, or 
age effect, could be removed allowing an unbiased evaluation of the truce 
parameter response. 

Analysis of covariance was chosen as the method to determine the effect 
or "significance" of propellant age on the test response. The general 
linear regression model, Y = a + b(Ki5)> is modified for the analysis of 
covariance by introducing a "correction term" into the model to adjust 
the data for the average eifect of the variable sn Propeliant age was 
assigned to the variable Xij in this report. The F ratio for determing 
the significance of the propellant age is shown in Tables A-1 thru A-74. 

Similarity among carton types and among propellant groups was determined 
by comparing regression lines for each of the data sets. The purpose was 
to examine whether the linear regressions of the test response on 
propellant age could be regarded as the same. It is possible for the 
regressions to differ in slope, intercept or residual variance. Differences 
due to slope could indicate dissimilar aging characteristics among groups 


while differences due to intercept could indicate bias among the data sets. 


When the regression lines were statistically similar (slopes and intercepts 
were not significantly different) the data sets were accepted as being ecual 
and were combined to provide an expanded data base. A "totai" or composite 
regression line was then used to estimate the aging trend for the combined 
data. 

The results of the analysis of covariance used in making propellant 
group comparisons (previously discussed on p. 3-1) are summarizea in 
Table A-A of the appendix and as follows: 

a. ANT lined and unlined cartons are significantly different for ail 
observed test parameters. 

b. ANB and ANT lined cartons are significantly different ror aii tese 
parameters except modulus on very low rate tensile (2 x 107" in/min cross- 
head speed). 

c. Joint comparisons of ANA, ANB, and ANT unlined cartons indicate 
that the three groups are significantly different for all observed test 
Parameters. 

G. The individual propellant lots are significantly different (with 
respect to the observed test data) for unlined cartons from ANA, ANB, aac 
ANT propeliant groups. 

e. Individual propellant lots are significantly different for lined 
cartons from ANB and ANT propellant groups. 

Analysis of covariance tables included in the appendix may be consulced 
for information relating to specific F tests used in the above comparisons. 

ANB 3066 propellant exhibits incomplete curing and inconsistent test 
results if aged iess than 13 months. All data aged less than 13 months 


was excluded from analysis in this report. 
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In those cases where test data from various carton types or propellant 
groups could be combined, plots of the combined data and regression lines 
are provided. Carton types or propellant groups are differentiated on 
these plots with different plotting symbols. These are shown in the 
applicable test sections. In addition to the combined regression plots, 
plots of individual group regression lines have been provided for each 
test parameter where the regression slope is statistically significant. 

The results of the linear regression analysis are summarized in 
Table 3-1. From this table, several conclusions can be drawn. 

1. Very low rate tensile: 

a. There is a singificant increase in maximum stress for ali 
types of ANB 3066. 

b. There is a significant decrease in strain at rupture for 
lined cartons but a singificant increase in unlined cartons 
except for ANA which showed no change. 

c. There is a significant increase in modulus for ANE lined and 
ANT iined and unlined cartons. 

2. High rate triaxial (rails under 600 psi No): 

a. There is a significant increase in maximum stress for all 
types of cartons except ANA. 

b. There is a significant decrease in strain at rupture for ANT 
lined cartons. 

c. There is a significant decrease in modulus for ANA and ANB 
unlined cartons. 

3. Stress Relaxation Modulus: 


There is a significant increase in stress relaxation modulus 


. 


SR I I es Ta om 


for ANA and ANB unlined cartons and ANT lined cartons, indicating 
increased hardness in the propellant. 
4. TCLE: 
a. There is a significant increase in TCLE above glass point 
except for lined cartons of ANB. 
b. There is a significant decrease in glass point for ali ANT 
cartons and an increase for ANB uniined cartons. 
5. Case Liner Bond Specimens: 
Interface tensile and shear specimens show signs of early failure 
in some lots. These lots stiil must be more fully characterized. 
6. Testing Conclusions: 
The testing shows changes which are potentially life-limiting in 
the case of liner bonds. Other significant parameters may not present 


this problem since there is the possibility that the changes are signiiicant 


because of limited testing in numbers and ages. 
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SECTION [V 


VERY LOW RATE TENSILE 


This test uses a 1/2 inch thick (1.27 cm) JANNAF dogbone. The specimens 
are tested at a crosshead speed of 2 x 107% in/min (8.5 x 10 “cm/sec). 


Very low rate tensile testing is related to strain capability for storaje 


ak £h% 
at ov ¢. 


Lined cartons show a statistically significant decrease in strain a 


rupture as shown in Figures 4-1, 4-2, and 4-3. The slope for the combined 


lined samples is less than for ANB lined cartons alone. Umniined cart 


of ANB and ANT show a significant increase in strain at rupture with the 
slope greater for ANT than for ANB while ANA does not show a significant 
change (Figures 4-4 and 4-5). Strain at rupture for combined lined and 


unlined cartons of ANB up to 137 months shows a significant increase 


vacctu 
upon the preponderance of unlined over lined cartons (Figure 4-6). 
Maximum stress shows a significant increase (Figures 4-7 through 4-12). 
Slopes for ANB and ANT unlined cartons are steeper than for ANA with ANT 


steepest. Slopes for ANB and ANT lined cartons are similar. When ANzL 
lined and unlined cartons are combined the slope is less than tor ANB 
unlined and greater than for ANB lined. 

There are three combinable groups for modulus, two of which have a 
significant increase. ANB unlined cartons and ANA unlined cartons when 
combined do not show a significant trend (Figure 4-13). Lined cartons of 


ANB and ANT show a significant increase (Figure 4-14) as do unlined ana 


lined cartons of ANT (Figure 4-15). In this combined regression the siope 


and the standard deviation are larger than for dissimilar sources of lined 


propellant cartons. There is a significant increase in modulus for ANB 
lined cartons and ANT unlined and lined cartons (Figures 4-16 thru 4-13). 
When ANB lined cartons are combined with unlined cartons, there is no 
Significant change (Figure 4-19). 
From the data cited, the similarity between lined cartons from different 
sources is greater than between unlined cartons from the same manufacturer. 
At least for very low rate tensile testing, the conclusion that carton 
preparation has a greater influence on data than the source of the propellant 


is inescapable. 
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SECTION V 


(HIGH RATE TRIAXIAL 


This ‘est uses a 3/4 inch (1.9cm) GL rail, 5 inches (12.7cm) long. The 
specimens are tested on the MTS at a crosshead speed of 1750 in/min (74.08cm/ 
sec) with 600 psi (421 860 kg/sq m) nitrogen pressure. Strain rate is 1000 
in/in/min. This test simulates the condition of the motor at stage ignition. 

Only lined cartons of ANT show a significant decrease in strain at rupture 
(Figure 5-1). No other types of cartons show a significant change, although 
ANB lined and ANT unlined cartons have negative slopes and ANA and ANB 
unlined cartons have positive slopes. 

Lined cartons of ANB and ANT show a significant increase in maximum 
stress (Figures 5-2 and 5-3). Unlined cartons of ANB and ANT also show 
a significant increase (Figures 5-4 and 5-5). ANA does not show a significant 
change. Composite lined and unlined cartons of ANB do not show a significant 
change. 

Only ANA and ANB unlined cartons show significant decreases in modulus 


(Figures 5-6 and 5-7). 
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SECTION VI 


STRESS RELAXATION 


An end~bonded 1/2" x 1/2" x 4" (1.27 x 1.27 x 10.16cm) is used on the 
Stress Relaxometer. The specimens are tested at seven different temperatures 
to derive a master stress relaxation curve. 

A strain of 1% at 77°F (25.0°C) was not incroduced into the program 
until Phase 3 of Minuteman III testing and “nase B Series 2 for Minuteman [1 
which has resulted in a relatively short time frame tor analysis. Prior to 
that time strains of 3% and/or 5% were used to form the data base. 

ANA unlined cartons show a significant increase in relaxation modulus 
(Figures 6-1 and 6-2). ANB unlined cartons do not show a significant change 
at 10 sec. but do at 1000 sec. (Figures 6-3 and 6-4). ANT unlined cartons do 
not show a significant change. 

When ANA and ANB unlined cartons are combined, there is no significant 
change (Figures 6-5 and 6-6). 

There is no significant change for ANB lined cartons. There is a 
significant increase in relaxation modulus for ANT lined cartons (Figures 6-7 
and 6-8). When all ANB is combined there is a significant increase in 
relaxation modulus (Figures 6-9 and 6-10). The increase in relaxation 
modulus is consistent with the increase in uniaxial tesile modulus and 10 
sec hardness exhibited by this propellant. 

Master stress relaxation curves include lined and unlined cartons. The 
curves are shown in Figures 6-11, 6-12 and 6-13. There is better agreement 


between ANB and ANT than between ANB and ANA. At lower test temperatures 


differences are accentuated. 


ne 


Gradient stress relaxation was run on mini-stress relaxation specimens 
(0.1 x 0.5 x 2" specimens) at 1% strain and 77°F. Minimum stress relaxation 
modulus is reached at 2.2 inches from the bond line (Figures 6-14 and 6-15). 
It is apparent from the graphs that there is a sharp drop in modulus between 
the first and second specimens. Several cartons had liner which penetrated 


several samples which caused much disparity in the data. 
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SECTION Vil 


Thermal Coefficient of Linear Expansion 


Thermal coefficient of linear expansion (TCLE) is run using an expansion 


" wafer (.508cm) which 


probe on the DuPont 990 TMA. The specimen is a 0.200 
is cooled to -110°C with liquid nitrogen then heated at 5°C/min. The gléss 
point (Tg) and TCLE above giass point, (over the range -110°C to +40°C) is 
determined. TCLE below glass point is not considered to be of value in 
stress analysis. 

ANA does not show a significant change in glass point, but nas a 
significant increase in TCLE above glass point (Figure 7-1). 

Data on ANB lined cartons was limited but TCLE above Tg showed a 
significant increase (Figure 7-5). 

ANT lined cartons show a significant decrease in glass point (Figure 
7-6) and a significant increase in TCLE below Tg (Figure 7-7). 

Ali ANB shows a significant decrease in glass point (Figure 7-6) and 
a significant decrease in TCLE below Tg (Figure 7-9). 


It is apparent that there is much variation in the data but as the 


Gata base expands there should be greater consistency. 
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SECTION VILi 


' CASE LINER BONDS 


Cartons of propellant were lined with SD-851-2 liner/V-45 xubdber. 
the preparation of these cartons there are marked irregularities in the 
liner with the liner frequently penatrating up to 0.3" into the propeilan:. 
Moreover, some of these liners are pink with varing degrees of tackiness 
while others are buff colored and usually with little tackiness. 

Two reports (MANCP Report Nr. 357(76) and ASPC Report 0162Z-CeSAAS-15, 
Addendum 1, April 1976) detail a cooperative study on several cartons 
which had this problem. In this report ANB and ANT cartons of several 
ages have been combined to obtain time to failure (Tabie 6-1). The stre. 

to cause failure at 100 minutes is well above the alert limit tor storas, 
| for both constant load tensile and constant load shear. Plots are 
shown in Figures 8-1 thru 8-4. Ail show a significant decrease. It may 


be possible in the next report to do lot analyses to pinpoint those lors 


in which early failure may occur. 
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ANALYSIS OF COVARIANCE 


The results of the analysis of covariance as described in Section III 
are summarized in Table A-A. The number in each block refer to the table 
number of each analysis. The tables show the specific F ratio and an 


associated degrees of freedom for each statistical test conducted. 
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ARSJRACT (Continue on reverse side ii necesaary and identity by block number 
his report conta ns test results from testing of Minuteman III, Stage Ii] 
propel ant manufactured by Aerojet Solid Propulsion Company and Thivkol Corpora 
tion, Wasatch Division. These results are compared statistically with 
propellant of similar ages from Minuteman II Stage II. 
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